e.g., waste disposal methods; [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] rather than on environmental and social effects [22] [23] [24] [25] [26] [27] [28] [29] [30] as well as environmental threat assessments and irregularities in local waste management systems. All these aspects are of great importance, especially where protected natural areas are concerned.
Until now, the most common method of waste management in Poland has been landfill deposition [2] [3] 12] . Inhabitants' low awareness of the ecological aspects of rational waste management is another problem, although according to a survey by Nycz-Wróbel [31] , respondents have strong awareness that waste disposal is one of the greatest threats to the natural environment.
The aim of this paper is to assess the local system of waste management before and after new legal solutions were introduced, to identify irregularities in the system and to analyze social awareness concerning local waste management using the example of the town of Pobiedziska and its rural commune. The results will serve as comparison material to assess the effectiveness of a new system of waste management.
Data and Methods
The source of data used to assess the local system of waste management was fieldwork as well as the data from strategic documents of companies operating in the field of waste management in and around Pobiedziska. Documents received from the Pobiedziska Urban-Rural Commune Administration Office were also used. Results of the survey carried out among inhabitants of the study area were also taken into account. One-hundred and seventyfive respondents took part in the survey (almost 1% of the population of the territorial unit) from seven locations (including Pobiedziska and the following villages: Letnisko Leśne, Biskupice, Jerzykowo, Wronczyn, Węglewo, and Pomarzanowice). These are villages from the western (mostly urban) part of the municipality as well as villages from its eastern part, where rural areas dominate. The respondents were adults of different ages, genders, and levels of education. The specific choice of villages and urban centers, as well as taking into account educational levels and genders of all respondents in the survey, was made in order to reflect the social structure of local society as much as possible. A survey among almost 1% of the total population under some extra conditions can provide a very precise model of local society. Keeping major characteristics and certain proportions of this structure during sampling and the surveying process, as well as keeping proper spatial distribution and dispersion of the Pobiedziska urban area inhabitants, was one of the most important elements of all research [32] . The key goal was to determine the approach of the local community toward vast changes that are to be introduced in the system of waste management in the urban area. The survey aimed at identifying the level of ecological awareness among local inhabitants and establishing their opinions on local waste management. It also was important to get to know which problems relating to waste management are recognized by the community.
The fieldwork focused on inventorying illegal waste dumping sites and recycling banks. A 350 km route was analyzed in relation to locating, characterizing, and measuring illegal dumping sites. The locations and compositions of recycling banks were verified and compared with the data acquired from Municipal Services Company in Pobiedziska. In the process of inventory the geolocation techniques were used with the help of a GPS system. Detailed photographic documentation was also collected. For each identified illegal waste dumping site an inventory card was created, which provides us with information about locations in geographic space (Geoportal maps and aerial photos were used) as well as physical and geographical characteristics of the site, the size of a site (surface area, volume), waste site composition (fractions in the waste), the present state of a site (if it is used, to what extent; or if not used, for how long).
In order to visualize fieldwork results we used an electronic map generated at 1:50,000 scale with the help of GIS techniques on the basis of a vector map of level 2 (VMAP2).
Study Area
The chosen study area was the town of Pobiedziska, which includes the Pobiedziska rural area within the present administrative limits. It covers an area of 189 km 2 , 10 km 2 of which are occupied by Pobiedziska proper. The study area is situated in Wielkopolska Province and constitutes the largest urban district of Poznań County. Although it is not adjacent to Poznań, Pobiedziska urbanrural commune is numbered among administrative units constituting the Poznań agglomeration. As of 2011, the commune's population was 8,997. There is one town within the commune: Pobiedziska and 55 villages [33] .
Pobiedziska urban-rural commune is counted among environmentally valuable areas with numerous legal forms of environmental protection, including four nature reserves of importance for landscape, forest, and flora. In addition, the study area lies within the borders of three landscape parks, including Puszcza Zielonka Landscape Park, which is a part of the Natura 2000 network. There are numerous individual forms of environmental conservation (69 nature monuments), and protected areas cover almost one-fifth of the studied administrative unit area (19.5%).
In order to implement an effective waste management system, Pobiedziska has acceded to the Poznań Agglomeration Waste Management Inter-Municipal Association (ZM GOAP). ZM GOAP, in terms of area, consists of 23 sectors, one of which covers Pobiedziska and Pobiedziska rural commune. At present, the municipal infrastructure of Pobiedziska urban-rural commune includes one landfill situated in Borówko village, which is a property of the Pobiedziska Urban-Rural Commune Administration Office. Municipal waste only from the Pobiedziska urban-rural commune area (wastes other than hazardous and inert waste) is deposited there [34] .
Results and Discussion
The local waste management scheme until 2013 was based on collecting unsorted (mixed) waste and sorting the waste into fractions using recycling containers. The main method of waste disposal was waste deposition. However, since 1 July 2013 a new so-called "bag collection system" was applied, which entails local property owners collecting and segregating their own mixed waste into specially marked bags. Residents receive these bags from the company that handles municipal waste in the commune. The aim was to increase the level of recovery of selected fractions of municipal waste and reducing the household waste stream going into the landfill.
The Structure of the Municipal Waste Stream and the Degree of Waste Recovery
The qualitative and quantitative structure of waste is an extremely important issue in the local waste management system. Table 1 shows the quantitative structure of waste generated in 2012-14 in comparison with data from Wielkopolska Province and national data. There are much higher individual municipal waste generation rates in the analyzed municipality than in the province and the country, when compared either with the forecasted rates [2] or the assumed rates in the National Waste Management Plan 2014 [35] (354 kilos per person with respect to waste generated, not collected). The same discrepancy is observed in the quantity of all municipal waste collected compared to household waste collected. This is probably the result of tourists using recreational housing areas. There are 2,000 summer cabins located within the analyzed area (most near Zalew Kowalskie). Holidaymakers significantly influence the municipal waste stream, including waste collected in a selective manner (recycling bins have been introduced into the recreational areas). between 2009 and 2011 is more than 900 tons), which is probably connected with the number of holidaymakers in individual years. Greater stability is observed in the amount of collected household waste (with the exception of 2008-09 with a difference of 500 tons). Generally, up to 2010 the situation in the analyzed area as far as local waste management is concerned is typical of Poland, i.e., only a small part of the waste stream is recycled (1.6-4.3%; there's a growing tendency) and storage in waste landfills is the dominant method of waste disposal (municipal waste accounted for 77-90% of waste stored). Problematic waste, including hazardous waste, remains a hot issue within the local waste management system. In the analyzed commune (like in many other communes), such waste, given its problematic nature, is collected according to a different scheme.
In the analyzed area the share of large-size waste has systematically increased over the course of 2004-10, from 2.16 Mg to 70.98 Mg in 2010 (Table 2 ) -a 30-fold increase. On the other hand, the quantity of construction waste is directly connected with the amount of construction work in the commune. A substantial increase in construction waste collected in 2007-08 was caused by numerous instances of repair and construction work carried out within the territory of the commune in question (mainly expansion, repair, and thermomodernization of the buildings owned by the local government, including schools and the municipal office building [38] ). A large decrease in construction waste collected was noted when all the above-mentioned work came to an end. It can be concluded that Pobiedziska residents are not interested in proper disposal or management of this kind of waste. Construction waste collection and its transportation are problematic and costly, which is another part of the problem (the landfill site in Borówko village charges an additional fee for construction waste). As a result, construction waste is often collected as mixed waste or is deposited in illegal dumping sites.
Hazardous waste is an exceptional problem. Taking data shown in Fig. 2 into account, it can be noted that, similarly to construction waste, hazardous waste increased in 2007-08. This is also due to repair and construction work. In general, the quantity of hazardous waste collected is too small when the individual rate ( [39] .
Tendencies in quantitative and qualitative changes in waste management within our study area show great diversity. The total quantity of municipal solid waste collected varies widely and it is impossible to identify a clear trend. Loads of municipal solid waste are mainly deposited in the landfill site in Borówko, and according to waste management hierarchy [40] [41] , landfill deposition is the worst solution with the lowest share of resource recovery in the total municipal waste stream.
Throughout 2004 and 2006-11, the total amount of recyclables collected in the study area increased systematically (Table 3) . However, the rate of waste collected in a selective manner in the analyzed municipality is generally lower than the national and provincial averages. When the individual fractions of waste collected in a selective manner are investigated, only individual glass collection rates are higher than those noted on national and provincial levels. As far as waste paper is concerned, the individual rate in the examined commune is higher than the national one, but lower than the provincial one. This is probably the impact of tourists summering in the study area. Compared with individual waste generation rates, the rate of waste collected in a selective manner (Table 4) is very low. Most recyclable waste is either collected as mixed waste or burned in household hearths (waste paper and plastics). Only metal waste, due to its monetary value, is almost 100% recovered, even from mixed waste, by scrap-metal collectors who sell it to scrapyards.
The new system solutions in waste management introduced in mid-2013 (known in Poland as the "waste revolution") have contributed to a significant improvement in the size of the recovery of selected fractions of municipal waste. In fact, data from the analyzed commune shows that the amount of waste going to a landfill gradually begins to decrease, and the amount of recycled waste increases. This tendency is easily observed when data concerning collected plastic in the analyzed commune is taken into account (Table 5) ; additionally, plastic waste is a desirable recyclable material for the still-developing system of waste utilization in Poland [42] . In 2012-14 the amount of recycled plastics in this municipality almost doubled.
As stated before, the total amount of waste collected in a selective manner is disproportionate to the total municipal solid waste generated and collected, which constitutes a crucial economic and environmental problem.
In order to use waste as recyclables it is necessary to sort waste according to its type. This enables the recovery of useful materials and allows recyclable materials to be reused in production. Waste sorting helps to reduce the natural resource extraction and is both economically and environmentally advantageous, since resource recovery is cheaper than withdrawal of resources from nature. Furthermore, the quality of the natural environment is improved. For all the above-mentioned advantages to occur, waste sorting is fundamental, and the cheapest and most effective form is sorting at the point of origin.
Mixed and Sorted Waste Collection System
The previous waste management system (legally binding until 1 July 2013) did not attach significance to waste segregation. The main method of waste disposal was its deposition. Owners of the properties signed contracts not with the administration office, but with the waste collection company (Fig. 1) , so there was no control over whether all inhabitants were provided with collection services. The Pobiedziska Urban-Rural Commune Administration Office claims that 100% of inhabitants were included in waste collection, yet the amount of waste generated compared with the amount of waste collected and deposited as well as the number of illegal waste dumping sites implies that not all waste was collected in an organized manner. Moreover, only 80% of Poland's citizens have contracts for municipal solid waste collection. A major local waste management problem is connected with recreational housing areas in this commune. There are numerous plots with summer cabins that form a compact settlement. In this case, before 2013 there was no waste segregation as waste was collected in bulk containers. After 2013, containers for collecting segregated and mixed waste were introduced. The set of containers often includes an additional container for green waste (e.g., grass and branches).
Selective waste collection within the study area by mid-2013 was carried out based on recycling banks. A recycling bank consists of 1.5-m 3 recycling bins that are used to collect different municipal wastes. There are 66 recycling banks within the Pobiedziska commune area, 18 of which are located in Pobiedziska proper. Every fourth recycling bank includes a separate container for secondhand clothing donations, for a total of 12 altogether in the study area. Every fifth recycling bank (16 in total) collects grass (bio waste). Locations and composition of the recycling banks are shown in Fig. 2 . But it is not an optimal system, given the low amounts of waste collected this way.
Hence, from 1 July 2013 the method of collecting at source was introduced. Due to a large number of visitors, the method based on recycling banks was introduced to complement the first method.
Batteries are also collected separately in special containers in the Pobiedziska Urban-Rural Commune Administration Office, the Municipal Services Department in Pobiedziska, and in all educational institutions within the commune [43] . All types of batteries can also be transferred directly to Borówko landfill site (no fee charged), where they are collected in special containers. Large items, electrical and electronic equipment, fluorescent lamps, car batteries, and hazardous packaging agents are collected from households every six months.
The 2011 inventory revealed 107 illegal waste disposal sites located across a total area of 2,765 m 2 with as much as 498.2 m 3 waste (ca. 84 Mg). The local authorities are currently trying to eliminate illegal dumping sites (Table 6 ). When they are found, all waste from illegal dumping sites is collected and taken to the landfill site in Borówko, where the process of recycling or neutralizing is implemented.
The reasons for this state should be looked for in the low level of ecological awareness of inhabitants and visitors, as well as not entirely well-functioning local waste management system which, until mid-2013, did not include all residents -let alone visitors. The discussed situation also resulted from the fact that a basic system of waste collection was based on single mixed municipal waste containers. In this system, the fee for waste collection depended on the declared capacity and number of containers. This was conducive to improper handling of waste and contributed greatly to the intensification of the problem of illegal dumps.
It can be concluded that the solid municipal waste collection system within the analyzed area was not very efficient. As a result, numerous illegal waste dumping sites existed, a small amount of waste was segregated, and the main method of waste disposal was waste deposition. It had nothing to do with the waste management hierarchy recommended in the Waste Framework Directive [40] . After 2013, when this directory was implemented, the local waste management system was changed (Fig. 3) . It is too early, though, to assess its efficiency and impact on the natural environment.
Waste Disposal in the Study Area
The total area of the waste landfill site in Borówko is 4.6 ha. Currently, section 1 of 1.308 ha and a capacity of 101,500 m 3 is used. The problem, however, is that it is already 90% full. There is also an unused section 2 with an area of 1.16 ha [44] . Initially, section 1 was to be used for a period of 11.5 years (from 1996 to mid-2007). After filling section 1, waste was to be disposed of in the landfill by opening section 2, which in turn was planned to be exploited by less than a decade, until 2017. Then the space between the two heaps was to be used, which would provide a further 18 months of continuous operation of the landfill site. The total exploitation time of the site was planned for the years 1996-2018, which accounts for 22.5 years of non-stop operation. It was predicted that nearly 200,000 m 3 of waste would be collected [45] . Recently, however, the plans were modified considerably due to the membership of the Pobiedziska municipality in ZM GOAP. The operating time of section 1 is being extended to the maximum, because contrary to previous forecasts there are no plans for section 2 to be used, even though it still serves as the landfill backup. Under the Wielkopolska Voivodship Waste Management Programme 2012-17 [46] , the waste landfill in Pobiedziska has a status of a substitute system and shall be used "until regional systems for communal waste processing are initiated" [41] .
Only mixed waste (other than hazardous and inert waste) is neutralized in Borówko landfill. The section has no special sector for hazardous waste disposal. The landfill operation area coincides with the Pobiedziska urban-rural commune, which allows for better evaluation of the local waste management system.
When analyzing the total size of the stream of mixed municipal waste going into the Borówko landfill before and after 1 July 2013, attention should be paid to the significant reduction over the years. In 2011 a total of 7,042.9 Mg of mixed waste went into landfill, in 2013 it was a smaller but comparable amount of 6,978.6 Mg. In 2013, when the changes resulting from the "waste revolution" were introduced, there was a significant decrease in the size of the household waste stream deposited in the municipal landfill (6,255.5 Mg of deposited waste). Year 2014 was the first year when a new system operated and another drop in the amount of mixed waste stored in a municipal landfill in the village of Borówko was noted, as in 2014 it was 5,906.5 Mg. A similar trend was noticed in the first half of 2015 (until the end of June 2015 it was 2,964.2 Mg of mixed waste deposited in the landfill in Borówko, and it is estimated that the trend will be consistent in the second half of 2015). It can be concluded that the systemic changes in terms of local waste management introduced after July 1, 2013 in the study area produced tangible results in the form of a substantial reduction in the amount of mixed waste disposed of in the landfill site. There was a 15% reduction in the amount of mixed waste deposited in the landfill in Borówko between 2012 (the year preceding the changes) and 2014 (the first full year when the new system operated).
This landfill site creates many environmental problems, e.g., odor emissions or periodic microbial air contamination. Its highest concentration is in spring and summer [47] . There is also a real danger of water pollution. The site is systematically monitored in terms of potential underground water pollution (six piezometers installed). It is located on the area of GZWP (the main groundwater body) No. 144, Wielkopolska Dolina Kopalna, and borders on the artificial water body formed on a mining exploitation hollow. So far there has been no evidence of direct impact of the landfill on groundwater pollution, separated from the ground by geomembrane. The emission level and the composition of landfill gas is also monitored [48] . The degassing network consists of six wells. The landfill is degassed passively and the produced biogas is not used economically.
Ecological Awareness of Local Residents
We conducted a survey in order to determine the level of ecological awareness in terms of waste management. A sample of 1% of the local residents was interviewed. The survey did not include the temporary population residing in recreational housing areas. An important indicator of the problem is the share of people who segregate waste. According to the survey responses, three quarters of those polled declare that they collect waste in a selective manner. Although a high number of people claim to sort their waste, interestingly enough this is not reflected in the actual amount of waste collected. However, taking into account the fact that more than 50% of respondents had a university degree, it can be assumed that residents' answers had more to do with knowledge of how to sort or readiness to do so rather than actual practice. Still, it is a positive signal with reference to a possible new waste sorting system. The survey also revealed that people segregate some groups of waste but not everybody segregates all groups, e.g., nearly three quarters of inhabitants segregate glass and plastic but only every fifth of them separately collects organic waste. The issue of segregating biodegradable waste is problematic not only to this municipality but also to all other local government units and the whole country.
In the case of residents who do not collect segregated waste, the most frequent cause is uncertainty about how the segregated waste is managed. This results from the fact that on many occasions segregated waste reportedly was being remixed when municipal services took it to the landfill site. If these observations are true it would mean that there were irregularities in operations of services authorized by the municipality to collect segregated waste within the study area. Another reason why every 10 th person does not segregate waste is difficult access to recycling banks, which is a fundamental element of the selective waste management system. According to 8.6% of those polled, selective waste containers near their houses are also problematic as they are constantly overloaded. Similarly, 8.6% of respondents say that the reason they do not segregate waste is insufficient space for separate containers in their households. It is highly probable that providing inhabitants with better access to recycling banks would increase their number, as well as emptying the existing ones more often. This is confirmed by the fact that less than 2% of all respondents regard waste segregation as unnecessary and a little more than 1% has no knowledge of waste segregation principles. This group of inhabitants could be supported with proper information or a promotional campaign, on the benefits of waste segregation. Unfortunately, the authorities of Pobiedziska show no sign of such ideas. The only information addressed to inhabitants in terms of waste management is included in a monthly "Biuletyn Pobiedziski" published by the Pobiedziska Urban-Rural Commune Administration Office. It usually includes fragmentary pieces of information about waste segregation or waste collection fees; the articles are incidental with little information -definitely not a large-scale campaign. Only schools of the Pobiedziska urban-rural commune-run ecological education programs deal with the issue to some extent, e.g., Earth Day or "Clean Up the World," when pupils from local schools collect garbage scattered across the town. The only open initiative that is addressed not only to children but also to adults and families is the local edition of "National Educational Ecological Picnic" that has been organized since 2009. It promotes ecological attitudes of the residents of the Pobiedziska urban-rural commune who take part in the event [44] . The fact remains, however, that a quarter of all responses indicates that inhabitants should be much better informed in terms of the waste management system. Another problem pointed out by residents is waste collection fees or concerns of new rates to be introduced as of 1 July 2013 (the survey was held directly before setting the new rates). The concerns turned out to be partly justified. Fees were considerably increased for mixed waste collection, yet for segregation by minimum four-person families, the costs could even be lower than before. This means that irrespective of the amount of waste produced in a household, the fee for collection and further management shall stay unchanged, which should reduce or even eliminate the use of illegal dumping sites. All municipal waste shall be collected from inhabitants of a given household, so taking waste to illegal dumping sites will no longer be beneficial to a household. Taking into account the low ecological awareness of some residents and a relative lack of generational responsibility for the natural environment, the economic factor may play a key role in persuading people to run a rational waste management system. Among open comments given by respondents under "Any other problems," the most frequent are: mixing preselected waste when collected by authorized services (discussed above), inconsistency in waste collection fees or penalties for illegal disposal in woodlands in the territory of the studied area, as well as general disregard for the natural environment.
Nearly 50% of inhabitants assess the waste management of the Pobiedziska commune and the Municipal Services Company as being fairly satisfactory. This assessment is not very positive, especially in the view of the fact that almost 17% of the residents rate it as clearly bad, and only 6.3% as good. 27.4% believe it is simply well managed. In summary, the results show that the general feeling of the residents in respect to waste management in Pobiedziska is unsatisfactory or even poor (the viewpoint of two-thirds of those polled). The result reflects a general assessment of waste management in Poland from before the revolutionary changes in 2013, when the Waste Framework Directive was implemented [40] .
Conclusions
Improper handling of waste causes many environmental problems [49] [50] [51] [52] [53] . With reference to the findings of our fieldwork, the key problem for the Pobiedziska and Pobiedziska rural area waste management system is illegal dumping sites, which result from incorrect system solutions applied by the municipality. More proof of this assumption is the results of the survey conducted among the residents, who believe that illegal dumping sites are the most essential environmental issue in terms of waste management. The problem is also recognized by the local authorities, who systematically request municipal services to eliminate the sites. It is hoped that new system solutions introduced in mid-2013 and the systematic improvement of ecological awareness of inhabitants (who are aware of this problem, which is evident from the survey) will contribute over time to complete elimination of the problem of illegal dumps. It is also absolutely indispensable to launch programs that raise ecological awareness within the local community and to provide better access to information about the environment for all inhabitants. This will improve the waste management system in Poland, adjust it to EU requirements stipulated in the Waste Framework Directive [40] , and pave the way for meeting relevant Polish criteria.
The findings of this study are a good starting point for further studies that will determine whether the newly introduced system of waste management and consequential trends turn out to be correct in the long-term perspective. Further studies in this respect are planned for a few years after introducing the new system in hopes of determining whether the system has lived up to its promise.
